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(54) ELECTRONIC EQUIPMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide the electronic equipment which can be viewed 
on both the top and reverse sides of the display device of the electronic device and 
has superior portability. 

SOLUTION: Optical filters 2 are arranged on the substrates on both the sides of a 
liquid crystal element constituted by sandwiching liquid crystal between the couple of 
substrates, and absorption type polarizing plates 1 are arranged outside the optical 
filters 2; the optical filters 2 are sheets which transmit vibration planes parallel to 
easy-to-transmit axes and reflect orthogonal vibration planes and the absorption type 
polarizing plates 1 are sheets which transmit vibration planes parallel to easy-to- 
transmit axes and absorb orthogonal vibration planes. Here, the easy-to-transmit axes 
of the optical filters 2 and the easy-to-transmit axes of the absorption type polarizing 
plates 1 are nearly aligned with each other. 
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A. Relevance of the above-identified Document 

This document has relevance to claims 1, 4, 5, and 
9 of the present application. 

B. Translation of the Relevant Passages of the Document 
[CLAIMS] 

[CLAIM 1] 

An electronic device including a liquid crystal 
display apparatus, wherein: 

the liquid crystal display apparatus includes a 
liquid crystal element in which liquid crystal is 
sandwiched between a pair of substrates; optical filters 
respectively provided on both sides of the liquid crystal 
element; and absorptive polarizing plates respectively 
provided on outer sides of the optical filters, 

the optical filter being a sheet that transmits a 
plane of vibration parallel to an easy transmission axis 
and reflects a plane of vibration orthogonal to the easy 
transmission axis, 

the absorptive polarizing plate being a sheet that 
transmits a plane of vibration parallel to the easy 
transmission axis and absorbs a plane of vibration 
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orthogonal to the easy transmission axis, 

the easy transmission axis of the optical filter 
substantially coinciding with the easy transmission axis 
of the absorptive polarizing plate. . 

[CLAIM 4] 

The electronic device as set forth in claim 1 or 2, 
wherein: 

the optical filter is a reflective polarizing plate that 
transmits a plane of vibration parallel to the easy 
transmission axis and absorbs a plane of vibration 
orthogonal to the easy transmission axis. 

[CLAIM 5] 

The electronic device as set forth in claim 1 or 2, 
wherein: 

the optical filter is arranged so that quarter wave 
plates sandwich a circular polarization splitting sheet that 
reflects one circularly polarized light component of 
incident light and transmits the other circularly polarized 
light component of the incident light. 

[CLAIM 9] 

The electronic device as set forth in claim 1 or 2, 
further comprising: 

a switch or sensor detecting an opened or closed 
state of the liquid crystal display apparatus, 

a display state of the liquid crystal display 
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apparatus being reversed vertically and/or horizontally in 
accordance with a detection result of the switch or sensor. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0027] 

[MEANS TO SOLVE THE PROBLEMS] 

In order to achieve the foregoing objective, an 
information device of claim 1 of the present invention is 
arranged so as to include a liquid crystal element in 
which liquid crystal is sandwiched between a pair of 
substrates; optical filters respectively provided on both 
sides of the liquid crystal element; and absorptive 
polarizing plates respectively provided on outer sides of 
the optical filters, the optical filter being a sheet that 
transmits a plane of vibration parallel to an easy 
transmission axis and reflects a plane of vibration 
orthogonal to the easy transmission axis, the absorptive 
polarizing plate being a sheet that transmits a plane of 
vibration parallel to the easy transmission axis and 
absorbs a plane of vibration orthogonal to the easy 
transmission axis, the easy transmission axis of the 
optical filter substantially coinciding with the easy 
transmission axis of the absorptive polarizing plate. 
[0030] 

Further, the electronic device of claim 4 is so 
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arranged that the optical filter is a reflective polarizing 
plate that transmits a plane of vibration parallel to the 
easy transmission axis and absorbs a plane of vibration 
orthogonal to the easy transmission axis. 
[0031] 

Further, the electronic device of claim 5 is so 
configured that the optical filter is arranged so that 
quarter wave plates sandwich a circular polarization 
splitting sheet that reflects one circularly polarized light 
component of incident light and transmits the other 
circularly polarized light component of the incident light. 
[0035] 

Further, the electronic device of claim 9 is arranged 
so as to further include a switch or sensor detecting an 
opened or closed state of the liquid crystal display 
apparatus, a display state of the liquid crystal display 

apparatus being reversed vertically and/or horizontally in 

v 

accordance with a detection result of the switch or sensor. 
[0041] 
(Operation) 

The electronic device of claim 1 is arranged so that 
an absorptive polarizing plate, an optical filter, a liquid 
crystal element, an optical filter, and an absorptive 
polarizing plate are arranged sequentially in this order. 
The optical filter is a sheet that transmits a plane of 
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vibration parallel to the easy transmission axis and 
reflects a plane of vibration orthogonal to the easy 
transmission axis. The absorptive polarizing plate is a 
sheet that transmits a plane of vibration parallel to the 
easy transmission axis and absorbs a plane of vibration 
orthogonal to the easy transmission axis. Further, the 
easy transmission axis of the optical filter and the easy 
transmission axis of the absorptive polarizing plate 
substantially coincide with each other. 
[0042] 

In a case where the liquid crystal display apparatus 
is viewed from the front side, one plane of vibration is 
transmitted and the other plane of vibration is absorbed 
by the absorptive polarizing plate, among light entered 
from the front side. The transmitted linearly polarized 
light component enters and transmits the optical filter 
because the easy transmission axis of the linearly 
polarized light component coincides with the easy 
transmission axis of the optical filter, and then enters the 
liquid crystal element. The linearly polarized light 
component that transmitted the liquid crystal element 
enters the optical filter located on the back side. Here, the 
optical filter is located in such a manner that the easy 
transmission axis of the optical filter on the back side is 
orthogonal to the direction of vibration of the linearly 
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polarized light component that exited from the liquid 
crystal element in an OFF state where no voltage is 
applied to the liquid crystal element. With this, the 
entered linearly polarized light component is reflected by 
the optical filter. The reflected linearly polarized light 
component returns to the liquid crystal element again, 
transmits the optical filter and the absorptive polarizing 
plate on the front side, and returns to the viewing side. 
[0043] 

Next, when a voltage is applied to the liquid crystal 
element, the liquid crystal element is turned ON. Here, an 
entered linearly polarized light component rotates by 
approximately 90 degrees, and transmits the optical filter 
because the linearly polarized light component that exited 
the liquid crystal element coincides with the easy 
transmission axis of the optical filter . on the back side. 
The linearly polarized light component then transmits the 
absorptive polarizing plate on the back side, and exits to 
the back side. Since a member having reflecting properties 
is not provided on the back side, light entered from the 
viewing side exits from the back side and does not return 
to the viewing side again. 
[0044] 

When the liquid crystal display apparatus is viewed 
from the front as described above, whether or not to 
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reflect light entered from the viewing side can be 
controlled by turning ON or OFF the liquid crystal element. 
Namely, the liquid crystal display apparatus functions as 
a black and white reflective type liquid crystal display 
apparatus. 

[0045] 

Further, when viewed from the back side, the liquid 
crystal display apparatus is arranged so that the 
absorptive polarizing plate, the optical filter, the liquid 
crystal element, the optical filter, and the absorptive 
polarizing plate are sequentially arranged in this order 
when viewed from the back side. Therefore whether or not 
to reflect light entered from the viewing side can be 
controlled by turning ON or OFF the liquid crystal element. 
Namely, even when viewed from the back side, the liquid 
crystal display apparatus functions as a black and white 
reflective type liquid crystal display apparatus. 
[0046] 

The liquid crystal display apparatus that functions 
as a reflective type liquid crystal display apparatus when 
viewed from both the sides as described above is used as 
the display apparatus of an electronic device. The user of 
the electronic device can select either form that excels in 
portability and operability according to the use 
circumstances. This improves the practicability of the 
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electronic device. Further, it is possible to retain the 
power consumption, thickness, and weight of one liquid 
crystal element in realizing this electronic device. 
[0047] 

The electronic device of claim 2 is arranged so that 
a liquid crystal display apparatus is connected to a 
keyboard in such a manner that the liquid crystal display 
apparatus is movable so as to cover the keyboard. Here, 
the liquid crystal display apparatus is arranged so that 
the absorptive polarizing plate, the optical filter, the 
liquid crystal element, the optical filter, and the 
absorptive polarizing plate are sequentially provided in 
this order. The optical filter is a sheet that transmits a 
plane of vibration parallel to the easy transmission axis 
and reflects a plane of vibration orthogonal to the easy 
transmission axis. The absorptive polarizing plate is a 
sheet that transmits a plane of vibration parallel to the 
easy transmission axis and absorbs a plane of vibration 
orthogonal to the easy transmission axis. Further, the 
easy transmission axis of the optical filter and the easy 
transmission axis of the absorptive polarizing plate 
substantially coincide with each other. 
[0048] 

When the liquid crystal display apparatus is viewed 
from the front side, one plane of vibration is transmitted 
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and the other plane of vibration is absorbed by the 
absorptive polarizing plate, among light entered from the 
front side. The transmitted linearly polarized light 
component enters and transmits the optical filter because 
the easy transmission axis of the linearly polarized light 
component coincides with the easy transmission axis of 
the optical filter, and then enters the liquid crystal 
element. The linearly polarized light component that 
transmitted the liquid crystal element enters the optical 
filter located on the back side. Here, the optical filter is 
located in such a manner that the easy transmission axis 
of the optical filter on the back side is orthogonal to the 
linearly polarized light component that exited from the 
liquid crystal element in an OFF state where no voltage is 
applied to the liquid crystal element. With this, the 
entered linearly polarized light component is reflected by 
the optical filter. The reflected linearly polarized light 
component returns to the liquid crystal element again, 
transmits the optical filter and the absorptive polarizing 
plate on the front side, and returns to the viewing side. 
[0049] 

Next, when a voltage is applied to the liquid crystal 
element, the liquid crystal element is turned ON. Here, an 
entered linearly polarized light component rotates by 
approximately 90 degrees, and transmits the optical filter 
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because the linearly polarized light component that exited 
the liquid crystal element coincides with the easy 
transmission axis of the optical filter on the back side. 
The linearly polarized light component then transmits the 
absorptive polarizing plate on the back side, and exits to 
the back side. Since a member having reflecting properties 
is not provided on the back side, light entered from the 
viewing side exits from the back side, and does not return 
to the viewing side again. 
[0050] 

When the liquid crystal display apparatus is viewed 
from the front as described above, whether or not to 
reflect light entered from the viewing side can be 
controlled by turning ON or OFF the liquid crystal element. 
Namely, the liquid crystal display apparatus functions as 
a black and white reflective type liquid crystal display 
apparatus. - 
[0051] 

Further, when viewed from the back side, the liquid 
crystal display apparatus is arranged so that the 
absorptive polarizing plate, the optical filter, the liquid 
crystal element, the optical filter, and the absorptive 
polarizing plate are sequentially arranged in this order 
when viewed from the back side. Therefore whether or not 
to reflect light entered from the viewing side can be 
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controlled by turning ON or OFF the liquid costal element. 
Namely, even when viewed from the back side, the liquid 
crystal display apparatus functions as a black and white 
reflective type liquid crystal display apparatus. 
[0062] 

The electronic device of claim 9 is arranged so as to 
further include a switch or sensor detecting an opened or 
closed state of the liquid crystal display apparatus, a 
display state of the liquid crystal display apparatus being 
reversed vertically and/or horizontally in accordance with 
a detection result of the switch or sensor. With this, it is 
possible to display an upright image on both the front and 
back sides. 

[0063] 

The electronic device of claim 10 is arranged so as 
to include a protrusion section having a predetermined 
length on the liquid crystal display apparatus; a 
protrusion receiving section so as to face the liquid 
crystal display apparatus, the protrusion receiving section 
receiving the protrusion section; and a push switch in the 
protrusion receiving section, the protrusion section 
pushing the push button when the liquid crystal display 
apparatus is opened. With this, it is possible to judge 
whether or not the liquid crystal display apparatus is 
opened, thereby precisely reversing the display vertically 



12 Tokukaihei 11-287987 



or horizontally. 

[0064] 

The electronic device of claim 1 1 uses as the sensor, 
an infrared sensor, a temperature sensor, or a tilt sensor. 
With this, it is possible to judge whether or not the liquid 
crystal display apparatus is opened, thereby precisely 
reversing the display vertically or horizontally. 
[0068] 
[EMBODIMENTS] 

With reference to the drawings, the following will 
explain an arrangement of a liquid crystal display 
apparatus in the best mode for carrying out the invention, 
and the operation in accordance with the arrangement. 
[0069] 

(First Embodiment: Figures 1, 2, and 3) 
First, an arrangement of a liquid crystal display 
apparatus in accordance with First Embodiment of the 
present invention will be explained with reference to 
Figures 1 and 2. As shown in Figure 1, the liquid crystal 
display apparatus is provided with an absorptive 
polarizing plate 1, an optical filter 2, a liquid crystal 
element 3, an optical filter 2, and an absorptive polarizing 
plate 1. The absorptive polarizing plate 1 is a typical 
polarizing plate made by dying an oriented film with 
iodine and dichroic dye. As shown in Figure 2, the 
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absorptive polarizing plate 1 transmits light that vibrates 
in an easy transmission axis la direction, and absorbs 
light that vibrates in a direction rotated by 90 degrees 
with respect to the easy transmission axis la. 
[0070] 

On the other hand, the optical filter 2 in Figure 1 
transmits light that vibrates in an easy transmission axis 
2a direction and reflects light that vibrates in a direction 
rotated by 90 degrees with respect to the easy 
transmission axis 2a. 

[0071] 

The liquid crystal element 3 is arranged so that 
90-degree twisted TN (twisted nematic) liquid crystal is 
sealed by transparent substrates, and can rotationally 
polarize an incident linearly polarized light component by 
90 degrees. Further, when a voltage is applied to 
electrodes provided on the substrates, the liquid crystal 
molecules rise. Therefore an incident linearly polarized 
light component exits from the liquid crystal 3 element 
without being rotationally polarized so as to retain the 
incident angle. In other words, by applying or not 
applying a voltage, it is possible to switch over to either 0 
degree or 90 degrees, the degree at which the incident 
linearly polarized light is rotationally polarized. 
[0072] 
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First, a state where the liquid crystal display 
apparatus is viewed from the inside display surface A will 
be explained with reference to Figure 1. Since the easy 
transmission, axis la of the absorptive polarizing plate 1 
located on the inner side is parallel to the easy 
transmission axis 2a of the adjacently located optical 
filter 2, a component of incident light that is parallel to 
the easy transmission axis transmits the absorptive 
polarizing plate 1 and optical filter 2 so as to reach the 
liquid crystal element. Here, when no voltage is applied to 
the liquid crystal element 3, a linearly polarized light 
component is rotationally polarized by 90 degrees and 
exits. The exited light enters the optical filter 2 on the 
outer side. Here, since the easy transmission axis 2a of 
the optical filter 2 is rotated by 90 degrees with respect to 
the vibrating direction of the incident linearly polarized 
light component, the incident light is reflected, and 
returns to the viewing side. Namely, light entered from the 
inside display surface A returns to the inside display 
surface A, so that it is possible to obtain a white display 
state in a reflective type liquid crystal display apparatus. 
[0073] 

Here, when a voltage is applied to the liquid crystal 
element 3, the linearly polarized light component directly 
exits without being rotationally polarized by 90 degrees. 
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The exited light enters the optical filter 2. Here, since the 
easy transmission axis 2a of the optical filter 2 coincides 
with the vibrating direction of the incident linearly 
polarized light component, the incident light transmits the 
optical filter 2 and enters the absorptive polarizing plate 1 
located on the outer side. Since the vibrating direction of 
the incident linearly polarized light component coincides 
with the easy transmission axis la of the absorptive 
polarizing plate 1, the incident light transmits the 
absorptive polarizing plate 1 and exits to the outer side B. 
Since a member that reflects light is not provided on the 
back side of the outer side B, the light does not return to 
the inside display surface A. Namely, light entered from 
the inside display surface A exits to the outside display 
surface B, and does not return to the inside display 
surface A, so that it is possible to obtain a black display 
state. 

[0074] 

Next, a state where the liquid crystal display 
apparatus is viewed from the outside display surface B 
will be explained. The operation in the case where the 
liquid crystal display apparatus is viewed from the outside 
display surface B is similar to that in the case where the 
liquid crystal display apparatus is viewed from the inside 
display surface A because they have symmetrically 
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structures except that the incident position of light are 
opposite from each other. Since the easy transmission 
axis la of the absorptive polarizing plate 1 located on the 
outer side is parallel to, the easy transmission axis 2a of 
the adjacently located optical filter 2, a component of 
incident light that is parallel to the easy transmission 
axis transmits the absorptive polarizing plate 1 and 
optical filter 2 so as to reach the liquid crystal element. 
Here, when no voltage is applied to the liquid crystal 
element 3, a linearly polarized light component is 
rotationally polarized by 90 degrees and exits. The exited 
light enters the optical filter 2 on the outer side. Here, 
since the easy transmission axis 2a of the optical filter 2 
is rotated by 90 degrees with respect to the vibrating 
direction of the incident linearly polarized light 
component, the incident light is reflected, and returns to 
the viewing side. Namely, light entered from the outside 
display surface B returns to the outside display surface B, 
so that it is possible to obtain a white display state in a 
reflective type liquid crystal display apparatus. 
[0075] 

Here, when a voltage is applied to the liquid crystal 
element 3, the linearly polarized light component directly 
exits without being rotationally polarized by 90 degrees. 
The exited light enters the optical filter 2. Here, since the 
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easy transmission axis 2a of the optical filter 2 coincides 
with the vibrating direction of the incident linearly 
polarized light component, the incident light transmits the 
optical filter 2 and enters the absorptive polarizing plate 1 
located on the outer side. Since the vibrating direction of 
the incident linearly polarized light component coincides 
with the easy transmission axis la of the absorptive 
polarizing plate 1, the incident light transmits the 
absorptive polarizing plate 1 and exits to the inside 
display surface A. Since a member that reflects light is 
not provided on the back side of the inside display surface 
A, the light does not return to the inside display surface B. 
Namely, light entered from the outside display surface B 
exits to the inside display surface B, and does not return 
to the inside display surface A, so that it is possible to 
obtain a black display state. 
[0076] 

In other words, whether to reflect or transmit 
incident light can be controlled by controlling whether or 
not to apply a voltage to the liquid crystal element. 
Further, since this similarly applies to incident light from 
the inside and incident light from the outside, it is 
possible to control the reflection and transmission of light 
when viewed from the inside, as well as the reflection and 
transmission of light when viewed from the outside. 
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Therefore it is possible to obtain white and black display 
on both the inside and outside surfaces. 
[0078] 

(Second Embodiment: Figures 4, 5, and 6) 
With reference to the drawings, the following will 
explain an arrangement of an electronic device in 
accordance with Second Embodiment for carrying out the 
present invention, and the operation in accordance with 
the arrangement. 

[0079] 

Figure 4 is a cross-sectional view of an electronic 
device in accordance with Second Embodiment. A liquid 
crystal display apparatus 5 is connected via a shaft 9 to a 
main body 8 including a keyboard 6, in such a manner 
that the liquid crystal display apparatus 5 and the main 
body 8 are movable to each other. A rotating range of the 
shaft 9 is set so that the liquid crystal display apparatus 
5 can at least open by at least 90 degrees with respect to 
the closed state. 

[0080] 

The liquid crystal display apparatus 5 is arranged 
so that optical filters 2 are respectively arranged on both 
sides of the liquid crystal element 3 that sandwiches 
90-degree twisted TN liquid crystal, and absorptive 
polarizing plates 1 are respectively provided on outer 
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sides of the optical filters 2. Here, the easy transmission 
axis of the absorptive polarizing plate 1 on the outer side 
coincides the easy transmission axis of the optical filter 2, 
and the easy transmission axis of the absorptive 
polarizing plate 1 on the inner side coincides with the 
easy transmission axis of the optical filter 2. Further, the 
easy transmission axis of the optical filter 2 on the inner 
side coincides the easy transmission axis of the optical 
filter on the outer side. The liquid crystal display 
apparatus 5 is fixed by a liquid crystal supporting frame 7. 
The liquid crystal supporting frame 7 includes viewing 
windows for the screen of the display apparatus (not 
shown), and has openings corresponding to display areas 
of the liquid crystal screen on the inside display surface A 
and the outside display surface B. 
[0081] 

Figure 5 shows an explanatory view of the liquid 
crystal display apparatus 5 when opened. The liquid 
crystal display apparatus 5 is opened around the shaft 9 
by approximately 130 degrees with respect to the main 
body 8. Here, the user can operate the keyboard 6 while 
viewing the inside display surface A. 
[0082] 

The display principle of the liquid crystal display 
apparatus 5 in this state will be explained. When the 
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liquid crj^stal display apparatus is opened, the liquid 
crystal display apparatus is viewed from the inside display 
surface A. Since the easy . transmission axis of the 
absorptive polarizing plate 1 located on the inner side is 
parallel to the eas}' transmission axis of the adjacently 
located optical filter 2, a component of incident light that 
is parallel to the easy transmission axis transmits the 
absorptive polarizing plate 1 and optical filter 2 so as to 
reach the liquid crystal element. Here, when no voltage is 
applied to the liquid crj'stal element 3, a linearly polarized 
light component is rotationally polarized by 90 degrees 
and exits. The exited light enters the optical filter 2. Here, 
since the easy transmission axis of the optical filter 2 is 
rotated by 90 degrees with respect to the vibrating 
direction of the incident linearly polarized light 
component, the incident light is reflected, and returns to 
the viewing side. Namely, light entered from the inside 
display surface A returns to the inside display surface A, 
so that it is possible to obtain a white display state in a 
reflective type liquid crystal display apparatus. 
[0083] 

Here, when a voltage is applied to the liquid crystal 
element 3, the linearly polarized light component directly 
exits without being rotationally polarized by 90 degrees. 
The exited light enters the optical filter 2. Here, since the 
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easy transmission axis of the optical filter 2 coincides 
with the vibrating direction of the incident linearly 
polarized light component, the incident light transmits the 
optical filter 2 and enters the absorptive polarizing plate 1 
located on the outer side. Since the vibrating direction of 
the incident linearly polarized light component coincides 
with the easy transmission axis of the absorptive 
polarizing plate 1, the incident light transmits the 
absorptive polarizing plate 1 and exits to the outer side B. 
Since a member that reflects light is not provided on the 
back side of the outside display surface B, the light does 
not return to the inside display surface A. Namely, light 
entered from the inside display surface A exits to the 
outside display surface B, and does not return to the 
inside, so that it is possible to obtain a black display 
state. 

[0084] 

As described above, when the liquid crystal display 
apparatus is opened, it is possible to generate a difference 
in reflectance between the reflection and transmission, 
thereby obtaining x a high contrast black and white display. 
Further, 100% of the incident linearly polarized light 
component is theoretically reflected by the optical filter 2 
on the outer side. Therefore very bright white is obtained. 
[0085] 
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Figure 6 is an explanatory diagram showing a state 
where the liquid crystal display apparatus is closed. This 
state has the most excellent portability when the 
operation of the keyboard 6 is not needed. The liquid 
crystal display apparatus 5 retains the closed state 
around the shaft 9 with respect to the main unit 8. Here, 
the user can view the outside display surface B. The 
display principle of the liquid crystal display apparatus 5 
in this state when the operation of the keyboard is not 
needed will be explained. 
[0086] 

In this case, the liquid crystal display apparatus is 
viewed from the outside display surface B. Here, among 
light entered from the user side in Figure 5, a component 
that is parallel to the easy transmission . axis la of the 
absorptive polarizing plate 1 located on the outer side 
transmits the absorptive polarizing plate 1 and a 
component that is rotated by 90 degrees with respect to 
the easy transmission axis la is absorbed. Since the 
transmitted linearly polarized light component is parallel 
to the easy transmission axis 2a of the adjacently located 
optical filter 2, the linearly polarized light component 
transmits the optical filter 2 so as to reach the liquid 
crystal element. Here, when no voltage is. applied to the 
liquid crystal element 3, a linearly polarized light 
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component is rotationally polarized by 90 degrees and 
exits. The exited light enters the optical filter 2 on the 
inner side. Here, since the easy transmission axis 2a of 
the optical filter 2 is rotated by 90 degrees with respect to 
the vibrating direction of the incident linearly polarized 
light component, the incident light is reflected, and 
returns to the outer side which is the viewing side. 
Namely, light entered from the outside display surface B 
returns to the outside display surface B, so that it is 
possible to obtain a white display state in a reflective type 
liquid crystal display apparatus. 
[0087] 

Here, when a voltage is applied to the liquid crystal 
element 3, the linearly polarized light component directly 
exits without being rotationally polarized by 90 degrees. 
The exited light enters the optical filter 2 on the inner 
side. Here, since the easy transmission axis of the optical 
filter 2 coincides with the vibrating direction of the 
incident linearly polarized light component, the incident 
light transmits the optical filter 2 and enters the 
absorptive polarizing plate 1 located on the outer side. 
Since the vibrating direction of the incident linearly 
polarized light component coincides with the easy 
transmission axis of the absorptive polarizing plate 1, the 
incident light transmits the absorptive polarizing plate 1 
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and exits to the inside display surface A. The exited 
linearly polarized light component reaches the keyboard, 
but does not return to the outer side B because the 
keyboard has low light reflectance. Namely, light entered 
from the outside display surface B exits to the inside 
display surface A, and is absorbed by the keyboard. 
Therefore it is possible to obtain a black display state. 
[0088] 

As described above, in the present embodiment, it is 
possible to display to the inside display surface A of the 
liquid crystal display apparatus 5 when the liquid crystal 
display apparatus 5 and the keyboard 6 are opened, and 
display to the outside display surface B when the liquid 
crystal display apparatus 5 is closed. Therefore it is 
possible to show a display in both the cases where the 
liquid crystal display apparatus 5 is opened and closed. 
[0097] 

(Fourth Embodiment) 

The following will explain an arrangement of an 
electronic device in accordance with Fourth Embodiment 
for carrying out the present invention, and the operation 
in accordance with the arrangement. 
[0098] 

The optical filter 2 of the electronic device has 
characteristics that transmit light in one vibrating 
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direction and reflect light in a vibrating direction that is 
rotated by 90 degrees. In practice, a so-called reflective 
polarizing plate can be used as the optical filter 2. 
[0099] 

As a commercially available reflective polarizing 
plate, there is a reflective polarizing plate whose trade 
name is "DBEF", manufactured by Sumitomo 3M Ltd. This 
is a polarizing plate for improving the luminance of a 
backlight, but sufficiently functions as a reflective 
polarizing plate according to experiments conducted by 
the inventor. 

[0103] 

The optical filter 2 of the electronic device has 
characteristics that transmit light in one vibrating 
direction and reflect light in a vibrating direction that is 
rotated by 90 degrees. In practice, the optical filter 2 can 
be a sheet in which quarter wave plates sandwich a 
circular polarization splitting sheet. The circular 
polarization splitting sheet has characteristics that reflect 
a circularly polarized light component of incident light in 
one rotating direction, and transmits a circularly 
polarized light component in the other rotating direction. 
For example, the sheet in which cholesteric liquid crystal 
is spirally oriented and fixed using polymer is 
commercially available. This sheet has characteristics 
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that reflect a right-handed circularly polarized light 
component and transmits a left-handed circularly 
polarized light component, for example. Which one of the 
circularly polarized light components is reflected depends 
on a spiral state of the cholesteric liquid crystal. Further, 
in the selective reflection of circularly polarized light by 
the cholesteric liquid crystal, characteristics that 
selectively reflect a short wavelength are generally 
exhibited. This is because the spiral pitch of the 
molecules determines the wavelength of light to be 
reflected. 

[0104] 

Accordingly, the circular polarization splitting sheet 
that does not depend on the wavelength has been recently 
realized by layering layers having several pitches or 
successively varying the intermolecular pitch. Namely, the 

reflection light is white. Further, when the background 

Y 

needs to be colored, it is possible to obtain the 
background in vivid color by using a circular polarization 
splitting sheet having characteristics that selectively 
reflect a short wavelength. 
[0105] 

Here, since the circular polarization splitting sheet 
reflects a right-handed circularly polarized light 
component, a linearly polarized light component needs to 
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be converted into a circularly polarized light component 
when the circular polarization splitting sheet is used for 
the optical filter 2. According!}', quarter wave plates are 
provided on both sides of the circular polarization 
splitting sheet. With this, a linearly polarized light 
component that enters the optical filter 2 is converted into 
a circularly polarized light component, reflected or 
transmitted by the circular polarization splitting sheet, 
and converted into a linearly polarized light component by 
the quarter wave plate. Namely, by sandwiching the 
circular polarization splitting sheet with quarter wave 
plates, it is possible to arrange an optical filter that 
transmits one plane of vibration and reflects the 
orthogonal plane of vibration. 
[0140] 

(Ninth Embodiment: Figure 13) 

The following will explain an arrangement of an 
electronic device in accordance with Ninth Embodiment 
for carrying out the present invention, and the operation 
in accordance with the arrangement. 
[0141] 

First, Figure 13(a) shows a state where a 
character 7" is displayed when the liquid crystal display 
apparatus 5 is opened. In this case, the user is on the 
side from which the keyboard 6 is operated, and views the 
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liquid crystal display apparatus from the inside display 
surface A. In this state, the character "F" is seen as an 
upright image. 

[0142] 

Next, Figure 13(b) shows a state where the 
character "F" is displayed when the liquid crystal display 
apparatus is closed so as to cover the keyboard 6. In this 
case, the character "F" is displa3^ed upside down if the 
user is located to face the keyboard 6. 
[0143] 

In the present embodiment, the vertical reversal is 
performed by switching the scanning direction of the 
liquid crystal display apparatus 5. Figure 14 is a block 
diagram in accordance with the present embodiment. The 
liquid crystal display apparatus 5 shown in Figure 14 can 
display both the front and back sides, and the optical 
filters 2 and the absorptive polarizing plates 1 are 
provided on both the sides. The liquid crystal display 
apparatus 5 is composed of two glass substrates, and 
seven transparent electrodes (not shown) are formed in 
the horizontal direction on the glass substrate on the side 
of the scanning driving IC 22. Eight transparent 
electrodes (not shown) are formed in the vertical direction 
on the glass substrate on the side of the signal driving IC 
21. 
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[0144] 

A switch 25 has a function of detecting whether or 
not the liquid crystal display apparatus 5 is opened. The 
switch 25 detects the state where the liquid crystal 
display apparatus 5 is closed, and feeds an L logic power 
supply 26 to a vertical switching terminal 27. When the 
liquid crystal display apparatus 5 is opened, the switch 
25 is open, and feeds an H logic power supply 24 to the 
vertical switching terminal 27 using a pull-up resistor 23. 
[0145] 

The vertical switching terminal 27 is a logic input 
terminal of the scanning driving IC 22. The vertical 
switching terminal 27 has a function of switching in 
accordance with H/L of the logic level of the terminal, the 
scanning direction of electrode driving voltages that are 
output from the output terminals of the scanning driving 
IC 22. The scanning starts from one side when the vertical 
switching terminal 27 is at the H logic level, and the 
scanning starts from the opposite side when the vertical 
switching terminal 27 is at the L logic level. The scanning 
driving IC of a liquid crystal display apparatus is 
generally arranged as a shift register. Therefore the 
function of switching the scanning direction can be 
realized by selectively supplying initial data for the 
scanning either to the front end or the back end of the 
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shift register. 

[0146] 

Next, a concrete display operation will be explained. 
The liquid crystal display apparatus 5 is arranged so that 
transparent electrodes in the horizontal direction and 
transparent electrodes in the vertical direction form a 
matrix on the transparent substrate, and liquid crystal at 
each intersection of the transparent electrodes, as a pixel, 
contributes to display. Figure 15 shows a display state of 
pixels of the liquid crystal display apparatus 5 viewed 
from the inside display surface A, in each state where the 
H/L logic power supply is supplied to the vertical 
switching terminal 27. In Figures 15(a) and 15(b), HI 
through H7 are output terminals of the scanning driving 
IC, and are respectively connected to the seven scanning 
electrodes formed on the substrate of the liquid crystal 
display apparatus 5. VI through V8 are output terminals 
of the signal IC, and are respectively connected to the 
eight signal electrodes formed on the substrate of the 
liquid crystal display apparatus 5. 
[Q147] 

Figure 15(a) shows a display state when an H logic 
power supply 24 is supplied to the vertical switching 
terminal 27. The H logic power supply 24 is supplied to 
the vertical switching terminal 27 when the switch 25 is 
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open in Figure 14. In this case, the liquid crystal display 
apparatus 5 is opened as shown in Figure 16(a). 
[0148] 

Here, the scanning direction of the scanning driving 
IC 22 is in order from HI through H7 because the vertical 
switching terminal 27 is set to the H logic power supply 
24. Therefore, the character "F" is displayed as an upright 
image when viewed from the inside display surface A as 
shown in Figure 16(a). 

[0149] 

Next, Figure 15(b) shows a display state where the L 
logic power supply 26 is supplied to the vertical switching 
terminal 27. The L logic power supply 26 is supplied to 
the vertical switching terminal 27 when the switch 25 is 
pressed in Figure 14. In this case, the liquid crystal 
display apparatus 5 is closed as shown in Figure 16(b). 
[0150] 

Here, the scanning direction of the scanning driving 
IC 22 is in order from H7 through HI because the vertical 
switching terminal 27 is set to the L logic power supply 26. 
Therefore, the character "F" is displayed as an upright 
image when viewed from the outside display surface B as 
shown in Figure 16(b). 

[0151] 

As described above, the switch 25 detects the case 
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where an image is viewed from the outside display surface 
B, and the scanning direction of the scanning driving IC 
22 is vertically reversed. With this, the image is reversed 
upside down so that an upright image displayed on the 
inside display surface A can be displayed correctly as an 
upright image even when viewed from the outside display 
surface B. 

[0152] 

For ease of explanation, the liquid crystal display 
apparatus 5 of the present embodiment is arranged so as 
to include seven scanning electrodes and eight signal 
electrodes. However, the number of scanning electrodes 
and signal electrodes is not important in the present 
embodiment, and is not limited. For example, similar 
effect can be achieved when 240 scanning electrodes are 
used. 

[0153] 

Further, in the present embodiment, the scanning 
direction is vertically reversed so that both front and back 
sides can display an upright image. However, if an upright 
image cannot be obtained without being horizontally 
reversed, the transmission of data signals of the signal 
driving IC 21 should be horizontally reversed. The signal 
driving IC generally has a function of selecting either 
rightward or leftward transmission direction by means of 
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the logic power supply. Further, it is also possible to 
obtain an upright image by combining the vertical reversal 
and the horizontal reversal, thereby displaying an upright 
image in any direction in terms of circuitry. 
[0154] 

Further, in the present embodiment, the driving IC 
is used to reverse the display image. However, instead of 
reversing the scanning direction, the electronic device 
may display a reversed image of the display image itself 
on the liquid crystal display apparatus 5. With this means, 
however, the electronic device main unit is required to 
reverse an image, thereby imposing a workload on the 
CPU, etc., of the electronic device. With the present 
embodiment, it is easier to obtain an upright image. 
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